Smart Textiles integrated with communicating components have been used in the military for many applications. The wearable antenna can be attached or embedded into smart textiles which could be used for communication between combat soldiers in the battlefield. This paper presents the design of three different polygon shaped patch antennas operating on 3G Mobile Band frequency 2100 MHz embedded on three different dielectric constant materials for Military applications. The proposed polygon shaped patch antenna introduces horizontal slit in its patch to improve the antenna performance. The slit length is varied and their corresponding effect on the antenna performance is analyzed.
Introduction
The smart textiles can sense, react, and adapt themselves to the environmental surroundings. Smart Textiles help combat soldiers to take critical decisions in the battlefield with lighter electronic wearable devices [1] . The wearable antenna is one of the essential components of the smart textiles or high tech military uniforms. For communication between combat soldiers in the battlefield, the proposed three wearable antennas operating in 3G network frequency 2100 MHz could be used. In the proposed work, the main objective is to a design wearable antenna which could be embedded in the jeans substrate. The proposed wearable antenna would be operated in the 2100 MHz frequency for military applications. The dielectric constant of the jeans substrate varies in the range 1.6 to 1.7. This work proposes three different structure antennas for dielectric constant values 1.6, 1.65 and 1.7 with a substrate thickness of 0.57 mm.
Development of four rectangular patch antennas employing different varieties of cotton and polyester clothing for on-body wireless communications in the 2.45 GHz WLAN band were designed in [2] . Slit-cut stacked equilateral triangular microstrip antenna (ETMA) were presented in [3] . The performance of a 2*2 microstrip patch array under crumpling conditions was presented in [4] . Using resonance method, the dielectric constant of the fabric material can easily be extracted from the measured resonant frequency of the patch radiator. This technique was reported in [5] .Performance degradation due to bending and crumpling condition of the wearable antenna was reported in [6] .The performance of a dual-band coplanar patch antenna integrated with an electromagnetic band gap substrate was described in [7] .Design of a wearable dualband patch antenna for operating in the GSM-900 and 1800 bands was presented in [8] .
For experimental measurement, among three antennas one antenna is chosen and fabricated and their various parameters are tested using vector network analyzer. The organization of the paper is as follows the antenna design parameters are explained in section 2.The simulation results and measured results are presented in section 3 and section 4 respectively and the conclusion is given in section 5.
Antenna Design
In the proposed work, three polygon shaped textile patch antennas are designed. Initially proposed antenna patch length (λg/2) is computed using the standard length and width expression of a square patch, given in [9] where λg is the guided wavelength at 2100 MHz. For proposed antennas, Guided wavelength (λg) is calculated by applying εr = 1.6, 1.65 and 1.7 values in above equation and then the length of the patch (λg/2) is calculated by taking half of the guided wavelength. The length of the patch is approximated to 60 mm. This square shape is then transformed into polygon shape by cutting out portions in the corners, based on the Pythagoras theorem to reduce the patch area.
By introducing a proper slit length and slit position, good impedance match can be achieved [9] .The slit is introduced in the top edge of the patch. Various ADVANCED ELECTROMAGNETICS, VOL. 5, NO. 3, NOVEMBER 2016 techniques involved to determine the optimized feed location to the microstrip patch antenna. In this proposed paper, Equation (2) is given to compute the optimized feed location for the polygon shaped antenna in next section.
Results and Discussion
In this paper, three different patch antennas were designed for three different dielectric constant materials 1.6, 1.65, and 1.7 which represented as Antenna 1, 2, 3 respectively in the following section. In the proposed system, optimized feed location (X0,Y0) calculated using the below equation.
Here L represents the length of the patch which is 60 mm. (X0,Y0) determines the coordinates for optimized feed position in the patch. For the proposed work optimized feed position is (-22.5, 0) and loss tangent value is 0.025. Antenna 1 is simulated using HFSS software which is shown in Fig. 1 .2 and its S11 Response is shown in Fig.1.3 . The Antenna 1 structure is simulated and its various parameters such as bandwidth, VSWR, and gain are analyzed over dielectric constant range 1.6 to 1.7 and its best performance is tabulated in Table 1 .1 S11 Response (return loss) for Antenna 1 structure embedded on dielectric substrate with 1.6, 1.61, 1.62 and 1.63 dielectric constant value is -20 dB,-30 dB,-24 dB and -16 dB respectively. It shows the S11 response for the four dielectric constant value had better results because S11 should be lesser than -10 dB. VSWR must be lower than 2 for the good operating antenna. Simulation result shows that Antenna 1 has VSWR value of 1.19, 1.07, 1.13 and 1.24 for 1.6, 1.61, 1.62 and 1.63 respectively. As the simulation result shows, using Antenna 1 structure on a dielectric substrate having 1.6 dielectric constant value have a resonance at 3G Mobile Band 2100 MHz with Bandwidth of 80 MHz again it widens to 90 MHz Bandwidth when we use the same structure for 1.61 dielectric constant substrate in the simulation. But, Bandwidth gradually reduces in 1.62 and 1.63 to 85 MHz and 70 MHz respectively. Fig 1.4 shows 2D radiation pattern of the Antenna 1 at 2100 MHz. Antenna 1 shows good gain 1.6061 dB at 2100 MHz which is enough for short range communication. It is for realized gain (far-field) in 2100 MHz. As a conclusion, we can use Antenna 1 structure for 1.6 dielectric constant substrate because it shows better results in 1.6 value in the range of 1.6 to 1.7 dielectric constant value. Antenna 1 also shows good performance in 1.61 dielectric constant value but its gain (1.4 dB) is low compared to a gain in 1.6 dielectric constant value. The antenna 1 structure works well on the dielectric constant ranges 1.60, 1.61, 1.62, and 1.63 on analyzing over the dielectric constant range 1.6 to 1.7. Circular polarization can be obtained by cutting diagonal corners in the square patch but in proposed three antennas , due to cutting out all four corners to get polygon shape it possess regular linear polarization. Topology of the Polygon shaped patch Antenna 2 which is designed to operate on 2100 MHz for 1.65 Dielectric Constant with 0.57 mm thickness is shown in Fig.  1.6 . The dimension of Antenna 2 patch is shown in (x, y) coordinates as the patch is centered in the origin point (0, 0) in Fig.1.6 .All the dimensions have represented in millimeter (mm) in Fig.1.6 Feed location point for this antenna is (-22.5, 0) which is calculated using equation (2) and loss tangent value is 0.025. The slit is introduced in the top edge of this antenna to improve antenna performance. Slit length is varied by keeping constant width 1 mm and their effect on the antenna performance is shown in Fig.1.8 . If slit length (a) 4 mm is introduced in antenna structure it gives S11 response of -20 dB and it reduces to -17 dB and -12 dB when we increase slit length to 4.5 mm and 5 mm respectively. By introducing slit length with 4 mm length and width 1 mm helps antenna 2 structure to achieve good impedance matching so it increases the antenna performance. By increasing slit length it results in poor antenna performance. Antenna 2 is simulated using HFSS software which is shown in Fig. 1 .7 and its S11 Response is shown in Fig.1.8 . The Antenna 2 structure is simulated and its various parameters such as bandwidth, VSWR, and gain are analyzed over the dielectric constant range 1.6 to 1.7 and its best performance is tabulated in Table 1 .2.S11 Response of Antenna 2 structure embedded on a dielectric substrate with 1.64 and 1.65 dielectric constant value is-19 dB and -20 dB respectively. It shows the S11 response for the two dielectric constant value is good because S11 should be lesser than -10 dB. VSWR must be lower than 2 for the good operating antenna.
Simulation result shows that Antenna 2 have VSWR value of 1.24 and 1.20 for 1.64 and 1.65 respectively. As the simulation result shows, Antenna 2 have a resonance at 3G Mobile Band 2100 MHz with a bandwidth of 65 MHz in 1.64 dielectric constant value again it widens to 75 MHz bandwidth when we use the same structure for 1.65 dielectric constant substrate in the simulation . Fig 1.9 shows 2D radiation pattern of the Antenna 2 at 2100 MHz. Antenna 2 shows well realized gain (far-field) 1.44 dB at 2100 MHz which is enough for short range communication. As a conclusion, we can use Antenna 2 structure for 1.65 dielectric constant substrate because it shows better results in 1.65 value in the range of 1.6 to 1.7 value .This antenna also works well on dielectric constant 1.64 but bandwidth is lesser compared to 1.65 dielectric constant substrate. 
ANTENNA 3
Topology of the Polygon shaped patch Antenna 3 which operates at 2100 MHz for 1.7 Dielectric Constant with 0.57 mm dielectric material thickness is shown in Fig. 1.11 . The dimension of the Antenna 3 patch is shown in (x, y) coordinates as the patch is centered in the origin point (0, 0) in Fig.1.11 . All the dimensions have represented in millimeter (mm) in Fig.1.11 
Fig. 1.11 Polygon shaped patch Antenna 3-Topology
Feed location for this Antenna is (-22.5, 0) which is computed using equation (2) and loss tangent value is 0.025. The slit is introduced in the top edge of this antenna to improve antenna performance. Slit length is varied by keeping constant width 2 mm and their effect on the antenna performance is shown in Fig.1.13 . If slit length (b) 4.5 mm is introduced in antenna structure it gives an S11 response of -13 dB and it increases to -17 dB and -21 dB when we increase slit length to 5 mm and 5.5 mm respectively. By introducing slit length with 5.5 mm length and width 2 mm in Antenna 3 results in good performance. Antenna 3 is simulated using HFSS software which is shown in Fig. 1.12 and its S11 Response is shown in Fig.1.13 . The Antenna 3 is simulated and its various parameters such as bandwidth, VSWR, and gain are analyzed over dielectric constant range 1.6 to 1.7 and its best performance is tabulated in Table 1 .3. As the simulation result shows, Antenna 3 radiates well at 2100 MHz only for 1.7 dielectric constant substrate which results in 80 MHz bandwidth and VSWR 1.14 (must be < 2) .Fig 1. 14 shows 2D radiation pattern of the Antenna 3 at 2100 MHz. Antenna 3 shows well realized gain (far-field) 1.17 dB at 2100 MHz which is enough for short range communication. Fig 1.15 shows that Gain vs Frequency graph from that it is clearly understood when comparing to other frequency, Antenna 3 have good gain in 2.1 GHz. It also shows that good impedance matching occurs in 2100 MHz frequency. Comparing the three proposed antennas, Antenna 1 structure covers four dielectric constant values 1.6, 1.61, 1.62 and 1.63 over the dielectric constant range 1.6 to 1.7 with good performance. Antenna 2 structure works well in 1.64 and 1.65 dielectric constant substrate. Antenna 3 shows good performance in 1.7 dielectric constant substrate. Antenna 1 has good performance in terms of bandwidth and gain when compared to other two antennas. It can be observed that three proposed antennas were capable of covering most of the dielectric constant value possessed by jeans material. By choosing any jeans material with 0.57 mm thickness and having this three structure we can fabricate antenna which could be embedded into smart textiles for communication.
Experimental Results
From the simulated three different proposed antennas, Antenna 1 which is designed for 1.6 dielectric constant material is fabricated and tested. The antenna is tested using vector network analyzer. The Fabricated antenna is shown in Fig.1.16 . The patch of the antenna is fabricated using 0.1 mm copper sheet. Jeans material having dielectric constant 1.6 with 0.57 mm thickness is chosen as a dielectric substrate for the fabricated antenna. The measured VSWR value for the fabricated antenna is 1.6. The measured S11 response for the fabricated antenna -16 dB which is shown in Fig 1. 18. Comparing simulation and experimental results of Antenna 1 shows that there is good matching between them. Fabricated antenna works well in desired frequency 2100 MHz with -16 dB return loss. Comparison between the S11 response of measured and simulated results of Antenna 1 is shown in Fig.1 .18.
Conclusions
Three polygon shaped patch antennas for 3G mobile band 2100 MHz were designed and their performance over the dielectric constant range 1.6 to 1.7 was analyzed. Simulation and measured results clearly showed that significant characteristics of the antenna such that reflection coefficient, gain, bandwidth were much better which make it suitable for embedding antenna into smart textiles. Therefore, proposed antennas could be further used in high tech military uniforms for communication in the battlefield. 
